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FOREWORD

This Indian Standard ( Part 3 ) which is identical with IEC 60871-3 ( 1996 ) `Shunt capacitors for a.c. power systems having a rated voltage above 1000 V -- Part 3: Protection of shunt capacitors and shunt capacitor banks' issued by the International Electrotechnical Commission ( IEC ) was adopted by the Bureau of Indian Standards on the recommendation of the Power Capacitors Sectional Committee and approval of the Electrotechnical Division Council. The text of the IEC Standard has been approved as suitable for publication as Indian Standard without deviations. Certain conventions are, however, not identical to those used in Ihdian Standards. Attention is particularly drawn to the following: a) Wherever the words `International read as `Indian Standard'; and Comma practice Standard' appear referring to this standard, they should be

b)

( , ) has been used as a decimal marker while is to use a point ( . ) as the decimal marker.

in Indian

Standards,

the current

CROSS

REFERENCES

In this adopted standard, references appear to certain International Standards for which Indian Standard also exist. The corresponding Indian Standards, which are to be substituted in their respective places are listed below along with their degree of equivalence for the editions indicated: International Standard Corresponding Indian Standard Degree of Equivalence Equivalent

IEC 60099-4 : 1991 Surge arresters -- Part 4: Metal oxide surge arresters without gaps for a.c, systems

IS 3070 ( Part 3 ) :1998 Lighting arresters for alternating current systems : Part 3 Metal oxide surge arresters without gaps for a.c. system IS 2705 ( Part 1 ) :1992 Current transformers : Part 1 General requirements ( second revision ) IS 3156 ( Part 1 ) :1992 Voltage transformers : Part 1 General requirements ( second revision ) Nil

IEC 60185 transformers

:

1987

Current

do

IEC 60186 transformers

:

1987

Voltage

IEC 60549:1976 High-voltage fuses for the external protection of shunt power capacitors IEC 60593 : 1977 Internal fuses and internal overpressure disconnectors for shunt capacitors .

--

IS 12730:1989 Internal fuses and internal overpressure disconnectors for capacitors for inductive heat generating plants

Equivalent

( Continued

on third cover)

IS 13925 (Part 3):2002 IEC 60871-3(1996)

Indian Standard SHUNT CAPACITORS FOR a.c. POWER SYSTEMS HAVING A RATED VOLTAGE ABOVE 1000 V
PART 3 PROTECTION OF SHUNT CAPACITORS AND SHUNT CAPACITOR BANKS

1 Scope This technical report gives guidance on the protection of banks with unbalance relaying and other devices. It applies to capacitors according to IEC 871-1, and its amendment 1. 2 Normative references The following normative documents contain provisions which, through reference in this text, constitute provisions of this technicai report. At the time of publication, the editions indicated were valid. All normative documents am sut@ct to revision, and patiies to agreements based on this technical report are encouraged to investigate the possibility of applying the most recent editions of the normative documents indicated below. Members of iEC and iSO maintain registers of currently vaiid International Standards. IEC 99-4: systems
1991, Surge arresters

- Part 4: Metal-oxide

surge arresters

without gaps for a.c.

Current transformers IEC 185:1987, Amendment No. 1 (1990) iEC 186:1987, Voltage transformers Amendment No. 1 (1988) IEC 549:1976, High-voltage fuses for the extema/ protection of shunt power capacitors disconnectors for shunt capacitors

iEC 593: 1977, Internal fuses and internal ovefpressum Amendment No. 2 (1986)

IEC 871-1: 1987, Shunt capacitors for a.c. power systems having a reted voltage above 1000 V- Pari f: General- Petiormance, testing and rating - Safety requirements - Guide for installation and operation Amendment 1 (1991) 3 Definitions For the purposes of this technicai report, the definitions contained in the above normative references apply.
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4

Internal fuses
General

4.1

Internal fuses for shunt capacitors are selective current-limiting fuses arranged inside a capacitor. As defined in IEC 593, they are designed to isolate faulted capacitor elements or capacitor unit, to allow operation of the remaining parts of that capacitor unit and the bank in which the capacitor unit is connected. The operation of an internal fuse is initiated by the breakdown of a capacitor element. The affected element is instantaneously disconnected by the operation of the element fuse without interruption in the operation of the capacitor. The number of externally parallel connected capacitors and the available short-circuit current of the supply system should not affect the current-limiting of internal fuses. It should be noted that internal fuses do not provide protection against a short circuit between internal connections or a short circuit between active parts and casing, both of which may lead to case rupture.
4.2

Fuse characteristics Rated current

4.2.1

There is no definition or test method existing for element fuses. Element fuses are, in general, designed for much higher currents than the maximum permissible element current. They are meant to disconnect only faulty elements. The faulty elements and their fuses are not intended to be replaced.
4.2.2

Rated discharge capability

IEC 593 and IEC 871-1 specify that the capacitor be subject to five undamped discharges from a d.c. charge level of 2,5 UN. For special applications, where inrush currents and/or peak voltages are limited, lower discharge requirements are applicable.
4.2.3

Disconnecting

capability

Requirements and test procedures are given in IEC 593. These tests verify that the fuse has a current-limiting action.
4.2.4

Voltage withstand capability after operation

Requirements and test procedures are given in IEC 593. 4.3 4.3.1 Influence of capacitor element configuration on capacitor life Capacitor with all elements connected in parallel

After the breakdown of an element, the respective fuse will melt in less than a millisecond owing to the discharge current from the parallel connected elements and capacitors and the power frequency current from the supply. The capacitor may, however, continue operating with a correspondingly reduced output. If the capacitor is operated at a fixed bus voltage, no variation in operating voltage on the remaining healthy elements will occur.
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4.3.2 Capacitor with elements connected in series and parallel

After the breakdown of an element, all parallel connected elements discharge their stored energy or part of it into the faulty element. The power frequency current is limited by the remaining healthy elements connected in series. After the disconnection of the faulty element, the capacitor continues operating with a correspondingly reduced output. The remaining healthy elements of the group are then stressed with a voltage approximately m " rd[m (n - 1) + 1] times the initial voltage, where n is the number of parallel connected elements per group and m the number of series-connected sections per unit. In certain cases the voltage may be higher, for example due to neutral shift with an ungrounded star configuration. 5 External fuses 5.1
General

External fuses for shunt capacitors are defined in IEC 549 as intended to clear faults inside a capacitor unit and to permit continued operation of the remaining parts of the bank in which the unit is connected. They will also clear an external capacitor bushing flashover. The operation of an external fuse is generally determined by the power frequency fault current and by the discharge energy from capacitors connected in parallel with the faulty capacitor. The initial breakdown is usually of an individual element within a capacitor. This invariably becomes a short circuit which removes all elements in parallel with it and eliminates one series section from the capacitor. Should the cause of the initial failure continue, failure of successive series sections (which see an increasing voltage with each series section removed) will occur. This causes an increase in the current through the capacitor to the point where the fuse operates removing the failed capacitor from the circuit. It should be noted, particularly in the case of paper or paper/film dielectric capacitors, that the capacitor case may occasionally rupture in the event of failure. This occurs when the initial element failure has high resistance between the shorted electrodes due to the presence of paper and sustained arcing generates gas which swells the case to the point where it may rupture before the protecting fuse can disconnect the capacitor. Capacitors with all-film dielectric have a lower incidence of case rupture because the film melts and generally allows a low resistance short between the electrodes. However, case rupture may still occur due to arcing when there is a broken internal connection and when there is excessive stored energy available in parallel capacitors and/or high power frequency fault current.
5.2

Fuse characteristics Rated current

5.2.1

The rated current of the selected fuse should be consistent with the criteria used for the selection of a switch or circuit-breaker for the same bank. From the various national standards the minimum accepted rating is 1,35 times the rated capacitor current.
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IS 13925 ( Part 3 ) :2002 IEC 60871-3 (1996 ) In a steady-state basis, there is no need for the fuse capability to exceed that for the switch or circuit-breaker. However, transient conditions such as currents associated with system or bank switching should be considered. It is common to use a fuse with a current rating of 1,65 times the rated capacitor current. IEC 549 specifies that the fuse rated current be at least 1,43 times the capacitor rating. This falls between the two values mentioned above of 1,35 and 1,65. For some banks, the fuse rating may be higher than 1,65 times the capacitor rated current to avoid spurious fuse operation due to switching transients and for mechanical reasons. For example, high voltage capacitors may require only a 2 A fuse, but mechanical strength dictates use of a 5 A fuse.
NCITE - The continuous rating of the fuse is not necessarily its nameplate rating. For example, an expulsion fuse link with a rating much smaller than the rating of the fuse holder may carry 150 Y. of its nameplate rating on a continuous basis. It is extremely important that the actual current rating of the fuse link be known. Typically, fuse holders are available in two current ratings, one for up to 50 A and the other for up to 100 A, whereas fuee links used in these holders are rated from 5 A to 100 A. These holders also vary in voltage rating, e.g. up to 9 Id/, 9 kV to 16 kV and 16 kV to 25 kV.

5.2.2

Rated voltage

The rated voltage of the fuse should be not less than 1,1 times the rated voltage of the capacitor with which it is associated in order to meet the requirements of IEC 549. 5.2.3 Time-current characteristics are available from most fuse manufacturers to assist in

Time-current coordination.

characteristics

This information is sometimes available in table form.
5.2.4

Discharge capability

The external fuse should be capable of withstanding inrush transients and currents due to external short circuits. IEC 549 specifies tests to verify the / 2t to which the fuse may be subjected for 5 and 100 discharges. A short-circuit discharge test of the fuse in combination with a capacitor is not yet defined in the standard, but is under consideration. 5.3 Fuse types

The different types of fuse are indicated in figure 1 below.
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IS 13925 ( Part 3 ) :2002 IEC 60871-3 (1996 ) External fuses

Expulsion

Current-1imiting

I
Outdoor indoor/outdoor Figure 1- Fuse types

Combination (current-limiting/expulsion) I Outdoor

5.3.1

Expulsion fuses

a) Expulsion fuses are normally used in outdoor applications due to noise and gases released during fuse operation. b) Expulsion fuses have limited power frequency fault current capability. Therefore consult with the fuse manufacturer when fault current at the fuse exceeds 1 800 A, or use currentIimiting fuses. Floating star-connected banks and those with multiple series sections minimize the importance of the power frequency interrupting capability of the fuse. c) Expulsion fuses have limited ability to clear against the discharge energy of capacitors connected in parallel with a shorted capacitci. Standard fuses are generafly rated at 15 kJ ~ . or less; consult the fuse manufacturer. ,Both fus~tfhb~s and capacitor cases may rupture due to energy available in the event of a capacitor failure. The probability of case rupture in the event of capacitor failure is generally considered acceptable with all-film capacitors yvhen the parallel energy has generally been limited to 15 kJ. This limit is calculated on the basis that the capacitor voltage is at 1,1 times the peak value of rated voltage (when higher power frequency overvoltages are anticipated, the parallel energy should be reduced accordingly). At rated voltage, this limit is equivalent to 4650 kvar of parallel connected capacitors at 60 Hz and 3900 kvar at 50 Hz. For allpaper and fihdpaper capacitors; the energy k typically limited to 10 kJ. Fro-m: Substituting: energy in W.s. (joules) = C. (Um# capacitance C (IJF) = kvar .1000 2X. $.$ It follows then that: energy = 159. kvarlfrequency

d) Expulsion fuse links are available m ANSI Type T and Type K (see annex A). The difference in performance is in the time for "meMing of the link, as shown in tables 1 and 2.
5.3.2

Current-limiting

fuses

a) Current-limiting fuses may be used for indoor and outdoor applications. b) Current-limiting fuses will limit the power frequency short-circuit current to less than the prospective value and will teduce the current to zero before the normal working frequency current zero.
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IS 13925 ( Part 3 ) :2002 IEC 60871-3(1996) c) Generally, current-limiting fuses impose no upper limit on the parallel stored energy available to a shorted capacitor. However, some current-limiting fuses have a maximum limit for parallel energy. The fuse manufacturer should be consulted regarding the discharge energy interrupting rating. d) It should be noted that some fuses will not clear on power frequency current. The fuse manufacturer should be consulted regarding the interrupting rating for power frequency current.
5.3.3

Combination

current-limiting/expulsion

fuses

.1 As the name implies, these fuses combine a totally enclosed current-limiting fuse with an expulsion fuse. a) As with expulsion fuses, combination fuses are normally used in outdoor applications due to noise and gases released during fuse operation. b) As with current-limiting fuses, combination fuses will limit the power frequency shortcircuit current to less than the prospective value and will reduce the current to zero before the normal working frequency current zero. c) As with current-limiting fuses, combination fuses generally have no upper limit on the parallel stored energy available to a shorted capacitor. However, same combination fuses have a maximum limit for parallel energy. The fuse manufacturer should be consulted regarding the discharge energy interrupting rating. d) It should be noted that some fuses will not clear on power frequency current. The fuse manufacturer should be consulted regarding the interrupting rating for power frequency current. 5.4 5.4.1 Influence of capacitor bank configuration on fuse selection Single series section grounded star and delta banks

Current-1 imiting or combination fuses are normally required because a shorted capacitor is subjected to high fault currents that may cause the fuse holder or capacitor case to rupture.
5.4.2

Single series section ungrounded star banks

The available energy from parallel connected capacitors will probably be the determining factor in selecting either expulsion or one of the current-limiting options.
5.4.3

Mu/tip/e series section banks

Available short-circuit current is not a factor in these banks since the multiple series sections will limit the fault current through a shorted capacitor. in large banks having many capacitors in parallel per series section, expulsion type fuses may often be used if the bank configuration is changed, e.g. to double star, to limit the parallel energy. 5.5 Coordination with case rupture cuwes

In addition to the considerations in fuse selection already dealt with, the fuse should coordinate with the rupture curves for the bank capacitor units.
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IS 13925 ( Part 3 ) :2002 IEC 60871-3 (1996 ) These curves are available in some national standards and from manufacturers of capacitors. Figure 2 illustrates examples of these cuwes. A test method for case rupture is not defined in this report but is under consideration. , To minimize risk of case rupture, selected fuses should provide coordination in the "low probability" region. Refer to 5.3.1, 5.3.2 and 5.3.3 for comments on energy from capacitors connected in parallel.
6 6.1

Unbalance detection Operation

Each time an internal capacitor element fails, a slight change of voltage distribution and current flow within the capacitor bank is encountered. The magnitude of these changes depends upon the number of failed elements and their location within the bank. If an externally fused capacitor is disconnected -by its fuse, a larger voltage and current change is obtained than if single elements are disconnected by internal fuses. By the use of various bank connections and relaying schemes, the voltage or current unbalance may be measured and utilized for protection. The main purpose of the unbalance protection is to give an alarm or to disconnect the entire capacitor bank when ovewoltages across healthy capacitors, adjacent to a failed capacitor, are excessive. Normally not more than 10 `%. overvoltage should be allowed (overvoltage limit according to IEC 871-1). Another function of the unbalance protection is to remove the bank from sewice for a fault not isolated by a fuse or to protect banks that are not internally or externally fused. Unbalance protection is not a replacement for short-circuit protection. 6.2 6.2.1 Types of unbalance protection /Veutra/ current (figure 3)

The capacitors are star-connected (grounded) with a current transformer between neutral and ground. An unbalance in the bank will cause current to flow from neutral to ground. This protection scheme is sensitive to phase unbalances in the network and depends upon the system being effectively grounded. The settings should allow for normal variations and the sensitivity of the protection may therefore be impaired. Harmonic currents (3rd harmonic in particular) will pass through the current transformed a filter may sometimes be necessary to avoid disturbances.
6.2.2

/Veutra/ vohage (figure 4)

The capacitors are star-connected (ungrounded) with a voltage transformer between neutral and ground. A voltage difference between neutral and ground will be measured at unbalance. The sensitivity is relatively poor due to influence by phase unbalances and the scheme depends upon the system being effectively grounded. The settings should allow for normal variations and the sensitivity of the protection may therefore be impaired. The method is most. suitable in combination with external fuses.
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IS 13925 (Part 3):2002 IEC 60871-3(1996) Voltage transformers used in this application should be rated for full system voltage. The neutral voltage will rise significantly during switching and the transformer may be saturated if not correctly rated. Resistive dividers ahd static relays may be used instead of voltage transformers to. overcome the problems with saturation, transient overvoltage on switching and the high cost of a voltage transformer rated for full system voltage. 6.2.3 Current unbalance between neutrals (figure 5)

The capacitors are arranged in two parallel stars (ungrounded) with a current transformer between the neutrals. The stars do not have to be equal in size. An unbalance in the bank will cause current to flow in the neutral. This protection is not affected by unbalance in the network and it is not particularly sensitive to harmonics. The scheme may be used for both internal and external fuses. As the sensitivity performance is good the method is especially useful for internal fuses. The current transformer should be rated for full system voltage.
6.2.4 Phase vohage unbalance

(figure 6)

The capacitors are star-connected (ungrounded) and three line-to-neutral voltage transformers are used with their secondaries connected in open delta. An unbalance in the bank will cause a neutral shift voltage and thus an output signal from the open delta. These voltage transformers should have insulation rated for primary to ground and prima~ to secondaty voltages. Due to three-phase summation the output magnitude is higher than would be the case with the neutral to ground measurement (figure 4). The sensitivity performance is therefore improved. The influence by phase unbalances is still a concern. 6.2.5 Vo/tage difference (figure 7)"

The capacitors are connected ungrounded or grounded star. The voltage shift of each phase midpoint (or close to midpoint) is measured relative to its line-to-neutral voltage by means of voltage transformers. Signals will be obtained separately from each phase where capacitor failures occur. This method is suitable for large capacitor banks since the total bank will be divided into three separate protection zones. This may be of importance for overall sensitivity. The method is not influenced by phase voltage unbalance. For very large capacitor banks a double star-connection may be used where comparisons are made between the midpoints of the two branches of each phase. 6.2.6 Current unbalance in bridge connection (figure 8)

The capacitors in each phase are arranged in two branches with a current transformer connected between midpoints or close to midpoints of the two branches. Failures anywhere in the branches will cause an unbalance current to flow through the current transformer.
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This method is suitable for large capacitor banks since the total bank will be divided into three separate protection zones. The method is not influenced by phase voltage unbalances. It may be used in delta- or star-connected banks with the neutral grounded or ungrounded.
6.3 6.3.1 Current Current and voltage transformers transformers

Rated current is based on the calculated unbalance at different failure modes. Harmonic current should be considered in determining the rating. For internally fused capacitors the current may be very low and current transformers should be chosen accordingly. For ungrounded banks the rated voltage should correspond to the system voltage. Lower ratings may be used if the banks are grounded. The current transformer should be capable of withstanding currents during abnormal conditions such as short circuits. Such failures may lead to a high peak transient and high power frequency currents during the delay of the overcurrent protection. Switching current transient should also be taken into account. The current transformer may be protected at its primary by means of spark gaps or surge arresters. The accuracy requirement is generally quite low. Class 10 P would normally be sufficient providing the measuring error of the current transformer at the protection setting current is less than 5 Y. (see IEC 185). Should the maximum unbalance be much lower than the rated current of the current transformer, a better accuracy class is required. 6.3.2
Vo/tage transformers

The rated primary voltage of the voltage transformer should correspond to the calculated maximum unbalance. For ungrounded banks the insulation class also applies to the voltage transformer. grounded banks, voltage transformers with reduced insulation may be used. For

When the primary winding forms a discharge path for the capacitor, the capability to withstand the discharge energy and peak current at disconnection from the line has to be considered. Standard voltage transformers of accuracy class 0,5 are normally used (see IEC 186). For connection schemes according to figures 6 and 7, special attention should be paid to matching the voltage transformers in different phases. 6.4 Re/ays and protection
settings

To avoid false operations due to switching or other transients, the unbalance relay should have

a certain time delay. Typical delay-settings are about 0,1 s to 1 s; for external fuses, the coordination with fuses is of special importance. The relaying should also incorporate features for blocking of automatic reclosure if such a system is used.
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Relays used for unbalance protection should normally have reduced sensitivity for frequencies other than the fundamental to prevent undesired operation and to simplify calculation of the relay setting.

When defining settings for the unbalance relay, one has to consider the overvoltage limit (1O %) for adjacent capacitors, i.e. alarm for overvoltages less than 10 %, trip when in excess of 10 Yo. For internally fused capacitors there may be different restrictions on voltage rise across parallel non-failed internal elements. Depending on bank size, one or more fuses may be allowed to operate before an alarm is initiated. The protective relaying should trip the bank once the overvoltage limit is exceeded.
6.5

Sensitivity

The sensitivity of the protection depends upon the size of the capacitor bank or that part of the bank which is incorporated in one particular protection zone. For large banks a method that allows one separate relay (in rare cases even more) per phase is necessary. When defining the number of relays based on sensitivity requirements, the influence of factors such as temperature differences within the bank should be considered. Sensitivity analysis, i.e. the relation between number of failed elements, fuses and current or voltage outputs, is usually made by the capacitor manufacturer. Higher sensitivity is generally needed with internally fused than with externally fused capacitors. Special computer programs are often available for sensitivity analysis.
6.6

Initial unbalance

Due to normal capacitance variation between capacitors, an initial unbalance may exist in a bank. This unbalance should be limited to a magnitude that allows for a clear definition of the criteria for relay operation and should normally not exceed 10 `A of the relay setting. As an alternative to initial balancing of capacitors, the unbalance may be compensated by means of suitable relays.
7 7.1

Overload current
Operation

Excessive capacitor currents may be obtained in connection with system voltage disturbances, harmonics and short-circuit failures. To protect the capacitors, current transformers with associated relays are used to detect current overloads and provide tripping operation of the bank. As protection for short-circuit currents due to line-to-line and line-to-ground faults in moderately sized banks, power fuses may also be used.
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7.2 Protective arrangement

For effectively grounded banks, the protection is normally arranged with a current transformer and its relay in each phase (figure 9). If the bank is ungrounded, protection in two of the three phases is sufficient (figure 10). For smaller banks (typically less than 10 Mvar) without switched parallel sections, where the inrush transients are of short duration, a common relay for overload protection and short-circuit protection may be used. The setting will be an immediate trip at a relatively low current magnitude. The current transients obtained with larger single banks, or when parallel banks are switched, lead to separate overload and short-circuit protection being required. The current settings are considerably higher for the short-circuit protection to avoid false operations at switching. In the case of separate short-circuit protection, and if the bank is ungrounded, the current for line-to-line faults may not be sufficient to obtain instantaneous protection of the bank. However, the unbalance protection will always detect this kind of failure within a reasonable time delay.
7.3 Current transformers

Current transformers for overload protection should have a rated primary of at least 1,4 times rated current of the bank. Standard accuracy classes 5 P and 10 P would normally be sufficient for this application (see IEC 185). If a common current transformer is used for both metering and protection purposes, it will have two secondary windings, one for measuring devices and the other for relays. 7.4 Relays

The accuracy of the relays used for overload protection should be valid within the frequency range 50 Hz to 1 000 Hz. The resetting ratio should be at least 95 `A; this ratio defines the load level below the protection setting at which the relay is reset if the load decreases during the delayed functioning time. 7.5 Protective settings

For small banks (typically less than 10 Mvar) with common overload and short-circuit protection, the relay settings are normally in the range of 1,3 and 1,4 times rated current. The operation delay is set for a few cycles (maximum of 10 cycles). For banks with separate overload and short-circuit protection, the overload protection is normally set in the range of 1,3 and 1,4 times rated current. The operation delay is set long enough to avoid false trips during switching. The short-circuit protection is set above 3 IN and a few cycles delay. These settings have to be chosen with special attention to the inrush currents.
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For modern power capacitors, voltage withstand is often the decisive factor rather than thermal limitation. It may therefore be necessary to use overvoltage protection to complement the conventional overload protection based on current measurement. Ovewoltage protection may be arranged by means of peak value sensitive voltage relays with inverse voltage-time characteristics. Current relays with integrating functions to obtain the instantaneous peak voltage may also be used. The voltage protection relay is also used to accomplish undewoltage interlocking functions at reclosing. protection and

Typically the voltage source for this protection system is derived from voltage transformers connected on the bus side of the capacitor switch. It should not be derived from voltage transformers connected line-to-earth on the capacitor side of the switch. 8.2 Overvoltage protection

Protection against ovewoltage should take into account levels according to IEC 871-1 and the particular application. If the harmonic content is high, a special relay that measures the peak voltage should be used. To avoid undesired relay operations, the resetting ratio should be as high as possible.
8.3

(.hdervoltage

protection

If the voltage is zero or abnormally low (e.g. 0,8 UN), the circuit-breaker of the capacitor bank should be opened and interlocked until the voltage returns to normal level. This is because upon re-energization the magnetization inrush current of power transformers contains a lot of harmonics and the capacitor may be in resonance with the network at one of these frequencies. The circuit-breakers of power transformers and capacitor banks may also be coordinated to avoid these ovewoltages and surge currents. 8.4 Reclosing

If a capacitor bank is not provided with discharge reactors (most usual case), reconnection of the bank after disconnection from the network should be delayed for the period defined by the manufacturer, usually 3 min to 10 min. Before reconnection, the residual voltage should be less than 0,1 UN. 9 Other protection 9.1
Surge arresters

The guidelines below are applicable mainly to surge arresters of metal oxide varistor (MOV) types (see iEC 99-4).
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The purpose of the surge arresters is to limit possible overvoltage to levels not excessive to the protected equipment. The MOV arrester has a non-linear resistance that decreases several orders of magnitude when the voltage reaches a certain level. This limits the instantaneous voltage to a desired protective level. 9.1.2 Lightning transients

Surge arresters are traditionally used in power systems connected phase-ground and/or neutral-ground. Their purpose is mainly to protect against lightning surges, and the evaluation of necessary arrester performance is based on lightning peak current and system characteristics such as link impedance, line insulation level, etc~ Surge arresters are not mainly intended for capacitor protection as a capacitor bank itself reduces transient voltages caused by lightning surges.
9.1.3

Switching transients

If circuit-breakers restrike or if misfiring failures occur in thyristor controlled systems, capacitors may experience severe overvoltages. in this case, arrester protection will be beneficial. If the risk of restriking at switching is to be considered, a thorough investigation of voltage conditions and arrester capability should be carried out before selecting the components. 9.1.4 Temporary overvo/tages

Capacitor banks exposed to temporary ovewoltages of power frequency (and harmonics) may be protected by connection of arresters directly in parallel to each capacitor branch. Tempora~ overvoltage may be caused by single-phase ground faults or switching in oscillations in low order tuned filters. They are characterized by fairly long duration (number of cycles). Generally detailed evaluation of dynamic voltages and energy loading of the arrester components should be carried out in these cases. Data on permissible temporary overvoltages versus time for MOW are given by the suppliers. 9.1 S Rated vo/tage

The rated voltage of an arrester is used as a reference parameter to correlate operating and protective characteristics. It is defined as the level where a certain current flows through the arresteu this condition is usually permitted for durations in the order of minutes only. The choice of the arrester rating is a compromise between protective level and temporary overvoltage capability. By increasing the rated voltage of the arrester, the probability to withstand overvoltage is increased, but the margin of protection is reduced. Normally the continuous operating voltage across the equipment should not exceed 80 YO of the rated voltage for a MOV arrester. Duration and frequency of the overvoltage may require the continuous operating voftage to be less than 80 % of the arrester rating.
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For proper selection of MOV arresters, the maximum energy developed during a discharge should be checked. For lightning duties, the evaluation is directly based on estimates on lightning charges and arrester voltage characteristics. For switching and temporary overvoltage conditions, a more detailed evaluation of arrester energy development should be carried out. The energy absorption capability is usually specified by the supplier in terms of kilojoules per kilovolt of rating. 9.2 9.2.1 Damping devices Capacitor switching

Damping devices, reactors and/or resistors, connected in series with a capacitor branch, are sometimes used for limiting the magnitude of switching transients. The transient phenomena at energization of a capacitor bank are characterized by a very high inrush current through the capacitor and a transient overvoltage with a magnitude up to two times rated voltage. 9.2.2 Inrush currents

The inrush currents may affect performance of the capacitor or the switching device. Capacitors may withstand current surges up to 100 times rated current, but the circuit-breakers are often limited to lower values. The reactance of current-limiting reactors is normally less than 1 % of the bank impedance. The maximum inrush peak current when switching a bank to the power supply may be calculated as shown in IEC 871-1:

T*=/
where

`Q

r
=

~ is the peak inrush bank current, in amperes; /N is the rated capacitor bank current (r.m.s.), in amperes; S is the short-circuit power (MVA) at the point where the capacitor is to be connected; Q is the output of the bank, in megavars. For calculating peak current when switching parallel banks the following formula' may be used:

[1 `s= JwL `here `c= 3"2 :+:"'04
Uti
where ~ U is the peak inrush bank current, in amperes; is the phase-to-earth voltage, in volts (r.m.s.); XC is the series-connected capacitive reactance per phase, in ohms; XL is the inductive reactance per phase between the banks, in ohms; Q,
is the output of the bank to be switched in, in megavars;

Q2 is the sum of the output(s) of the bank(s) already energized, in megavars.
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9.2.3

Vo/tage transients

Adequately selected series reactors may reduce the magnitude of transient overvoltages to acceptable levels. Other means for damping of transients are a combination of resistors and reactors or damping resistors only. 9.2.4 Ratings

Besides the desired inductance value, the continuous current load (r.m.s.) as well as maximum transient peak current should be specified for the damping reactor. For continuous rating the maximum permissible current for the capacitor should be taken into account. According to IEC 871-1 this maximum is 1,30 to 1,50 times the rated capacitor current. 10 Safety 10.1 Discharging devices

Each capacitor bank should be provided with means for discharging the bank after disconnection from the network. The specified discharging times may be met by applying either internal (incorporated) discharge resistors per capacitor or, external discharge devices rated for the entire capacitor equipment. Before touching any live parts, allow at least 10 min for the bank to self-discharge and then short-circuit each capacitor terminal to~ether and to grgund. ,. 10.1.1 Internal resistors

Internal resistors are generally built into the individual capacitors. They are designed to hxsure the discharge of each capacitor, and therefore the whole bank. In a bank with several sections of capacitors in series, the residual voltage on the bank terminal is equal to the sum of the residual voltage in each section.
10.1.2

External discharge devices

External discharge devices are used in special cases. Each device should be adapted to the conditions existing at the site of erection of the equipment and have suitable strike distance, creepage path and insulation level. If the capacitors have no internal discharge resistors, there should be no isolating device between the capacitor bank and the discharge device. Discharge reactors may be used, connected directly in parallel with the capacitor banks. Usually two reactors are connected line-to-line across two phases because of economical reasons. Under operation conditions, only the magnetizing current flows in the reactor. When switching off the capacitor equipment, all the stored energy circulates through the coil in a few seconds. Most of the energy is dissipated in the reactor. The number of discharges per unit of time should be restricted so that no overheating'of the discharge reactor occurs.
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IS 13925 ( Part 3 ) :2002 \EC 60871-3 ( 1996 ) Windings of transformers or motors are considered as suitable discharge impedances as well as the primary of voltage transformers. 10.1.3 Discharging after disconnection

Disconnected capacitor equipments should completely self-discharge, no matter where the discharge device is located, be it directly at each capacitor or at the connecting terminals of the equipment. However, capacitor equipment comprising series connections and star connections, which have undergone puncturing of elements or internal or external arcing, may not be discharged completely through discharge devices connected to the terminals of the capacitor equipment. Although there is no voltage measurable at the equipment terminals, dangerous amounts of stored energy, with opposing charges, may exist in the capacitor equipment. These so-called "trapped charges" may persist over a period of several months and can only be discharged by individually discharging each section of the bank. All the above-described risks are normally avoided by using capacitors with internal discharge resistors. However, there is a risk that a resistor may be destroyed during a capacitor failure leaving a charge on the capacitor. It is important to note that a discharging device is not a substitute for short-circuiting the capacitor terminals together and to ground before and during handling.
10.2

Dead metallic parts

The voltage of every metallic part of the bank (frame and/or capacitor container) should be fixed. The voltage continuity is obtained by connecting the containers and frame with conducting wire of adequate size.
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NOTE - The information contained in figure 2 ie copyrighted information of the IEEE extracted from IEEE standard 18-1992, IEEE standard for Shunt Power Capacitors copyright 01992 by the Institute of Electrical and Electronic Engineers, Inc. (IEEE). This information waa written within the context of IEEE standard IEEE 18-1992. The IEEE takes no responsibility or liability and will assume no liability for any damages resulting from the placement and context in this publication. Information is reproduced wfth the permission of the IEEE.

Figure 2-

Typical case rupture curves for approximately 30000 cm~ case volume
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Figure 3- Star connection with the neutral grounded through a current transformer

Figure 4-Star connection with voltage transformer between neutral and ground
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Figure 5-Double-star connection with ungrounded neutral

Figure 6- Star connection with ungrounded neutral and voltage transformers connected in an open delta
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Figure 7-Star connection with groundad neutral and voltage transformers connected in differential measurement

Figure 8- Bridge connection
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Pigure 9-

Line overcurrent relays for capacitor bank grounded
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Figure 10- Line overcurrent relays for capacitor bank, ungrounded
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IS 13925 ( Part 3 ) :2002 IEC 60871-3 (1996 ) Table 1- Melting currents for type-K (fast) fuse links, in amperes
Rated continuous current 300 e or 600s melting current 1) Minimal I Maximal 10s melting current Minimal 0,1 s melting current Minimal Speed ratio

I

Maximal

I

Maximal

Preferred ratings 6 10 15 25 40 65 100 140 200 12,0 19,5 31,0 50 80 128 200 310 480 14,4 23,4 37,2 60 96 153 240 372 576 13,5 22,5 37,0 60 98 159 258 430 760 20,5 34 55 90 148 237 388 650 1150 72 128 215 350 565 918 1520 2470 3680 86 154 258 420 680 1100 1620 2970 4650 6,0 6,6 6,9 7,0 7,1 7,2 7,6 6,0 8,1

Intermediate retinge 8 12 20 30 50 80 15 25 39 63
101

18 30 47 76 121 192

18 29,5 48,0 77,5 126 205

27 44 71 115 188 307

97 166 273 447 719 1180

116 199 328 546 862 1420

6,5 6,6 7,0 7,1 7,1 7,4

160

Ratings belcw 6 A 1 2 3 2 4 6 2,4 4,8 7,2
2) 2) 2) 10 2) 2) 2)

58 58 58

10 10

NOTE - Information in table 1 is from table 6 in American Nat~onal Starrdad C 37.42-1989 (see annex A) and is reproduced with the permission of the ANSI. `) 300s for fuse links rated 100A and lees; 600s for fuse links reted 140 A and 200 A. 2, No minimum value is indioeted, since the requirement ie that 1-, 2-, 3-ampere ratings shall coordinate with the 6-ampere rating but not necessarily with each other.
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IS 13925 ( Part 3 ) :2002 IEC 60871-3 (1 996 ) Table 2- Melting currents for type-T (slow) fuse links, in amperes
Rated continuous current 300s or 600s melting current 1) Minimal 1Os melting current Minimal 0,1 s melting current Minimal Speed ratio

I

Maximal

I Maximal
23,0 40,0 67,0 109 178 291 475 775 1275 rsnngs 31,0 52,0 65,0 138 226 370

I

Maximal

Prafemd ratings 6 10 15 25 40 65 100 140 200 12,0 19,5 31,0 50 60 126 200 310 480 14,4 23,4 37,2 60 96 153 240 372 576 15,3 26,5 44,5 73,5 120 195 319 520 850 lnWmd&ta 6 12 20 <30 50 80 t5,0 25,0 39,0 63,0 101 160 -18,0 30,0 47,0 76 121 192 "" 20,5 34,6 57,0 93,0 152 248 120 224 368 635 1040 1650 2620 4000 6250 144 269 466 762 1240 1975 3150 4800 7470 10,0 11,5 12,5 12,7 13,0 12,9 13,1 12,9 13,0

188 298 496 812 1310 2080

199 355 595 975 1 570 2500

11,1 11,6 12,7 12,9 13,0 13,0

Ratings below 6 A 1 2 3 2 4 6 2,4 4,8 7,2
2) 2) 2) 11 11 11 2) 2) 2) 100 100 ioo

NOTE - Information in table 2 ie from table 7 in American Nat/ona/ Standard C 37.42-1989 annex A) and is reproduced with the permission of ANSI. 1) 300s for fuse links rated 100 A and less; 600s for fuse Iinke rated140A @ z~ A.

(eee

`)

No minimum value is tndlcated, since the requirement Is that 1-, 2-, 3-ampare ratings $hsfl coordinate with the 6-ampere rating but not necesaarfly wfth eaoh other.
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Annex A (informative) Blbllography

IEEE 18:1992,

IEEE Standard

for shunt power capacitors

ANSI C 37.42:1989,

Specifications for distribution cutouts and fuse links

....................

22

..

( Continued

from second

cover) Corresponding Indian Standard Degree of Equivalence Equivalent

International

Standard

IEC 60871-1 : 1987 Shunt capacitors for a.c. power systems having a rated voltage above 1 000 V -- Part 1 : General -- Performance, testing and rating -- Safety requirements -- Guide for installation and operation

IS 13666 : 1993 Shunt capacitors for a.c. power systems having a rated voltage above 1 000 V : Part 1 General performance, testing and rating -- Safety requirements -- Guide for installation and operation

For the purpose of deciding whether a particular requirement of this standard is complied with, the final value, observed or calculated, expressing the result of a test, shall be rounded off in accordance with IS 2: 1960 `Rules for rounding off numerical values ( revised )'. The number of significant places retained in the rounded off value should be the same as that of the specified value in this standard. Only the English Standard. text of the International Standard has been retained while adopting it in this Indian

Bureau

of Indian

Standards

BIS is a statutory institution established under the Bureau oj_lndian StandardsAct, 1986 to promote harmonious development of the activities of standardization, marking and quality certification of goods and attending to connected matters in the country. Copyright BIS has the copyright of all its publications. No part of these publications maybe reproduced in any form without the prior permission in writing of BIS. This does not preclude the free use, in the course of implementing the standard, of necessary details, such as symbols and sizes, type or grade designations. Enquiries relating to copyright be addressed to the Director (Publications), BIS. Review of Indian Standards Amendments are issued to standards as the need arises on the basis of comments. Standards are also reviewed periodically; a standard along with amendments is reaffirmed when such review indicates that no changes are needed; if the review indicates that changes are needed, it is taken up for revision. Users of Indian Standards should ascertain that they are in possession of the latest amendments or edition by referring to the latest issue of `BIS Catalogue' and `Standards : Monthly Additions'. This Indian Standard has been developed from Doc : No. ET 29 ( 5073 ). Issued Since Publication Text Affected

Amendments Amend No

Date of Issue

BUREAU OF INDIAN STANDARDS
Headquarters: Manak Bhavan, 9 Bahadur Shah Zafar Marg, New Delhi 110002 Telephones: 3230131,3233375,3239402 Regional Offices: Central: Manak Bhavan, 9 Bahadur NEW DELHI 110002 Shah Zafar Marg Telegrams: Manaksanstha ( Common to all offices) Telephone 3237617 { 3233841 3378499,3378561 { 3378626,3379120 603843 { 602025 2541216,2541442 { 2542519,2541315 8329295,8327858 { 8327891,8327892

Eastern: Northern: Southern: Western

1/14 C. I. T. Scheme VII M, V. I. P. Road, Kankurgachi KOLKATA 700054 SCO 335-336, Sector 34-A, CHANDIGARH 160022

C. I. T. Campus, IV Cross Road, CHENNAI 600113 : Manakalaya, E9 MIDC, Marol, Andheri (East) MUMBAI 400093

Branches

: A.HMADABAD. BANGALORE. BHOPAL. BHUBANESHWAR. COIMBATORE. FARIDABAD. GHAZIABAD. GUWAHATI. HYDERABAD. JAIPUR. KANPUR. LUCKNOW. NAGPUR. NALAGARH. PATNA. PUNE. RAJKOT. THIRUVANANTHAPURAM,
Printed at New India Printing Press, Khurja, India

